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3. Process description and local model identification 109 
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X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Table 1. Steady-state controlled values 149 
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&RQWUROORRS /HDQVROYHQWIORZUDWH &DSWXUHUDWH  
&RQWUROORRS 6WHDPIORZUDWH 5HERLOHUWHPSHUDWXUH . 
&RQWUROORRS &RROLQJZDWHUIORZUDWHWRFRQGHQVHU &RQGHQVHUWHPSHUDWXUH . 
&RQWUROORRS &RROLQJZDWHUIORZUDWHWRFRROHU /HDQVROYHQWWHPSHUDWXUH . 
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3.3. Local model identification 170 
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LQSXWRXWSXWGDWDZLOO LQIOXHQFHWKHDFFXUDF\RIWKHLGHQWLILHGPRGHO&RQVLGHULQJWKHODUJHWLPHFRQVWDQWRI3&&SURFHVV ORZ175 
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LGHQWLILFDWLRQDOOWKHGDWDDUHSUHWUHDWHGWRUHPRYHPHDQYDOXHRXWOLHUVDQGQRLVHSingular value decomposition (SVD) on the 181 
Hankel matrix constructed from input-output data is conducted to estimate the model order>@$WRWDOQXPEHURIWUDQVIHU182 













4. Open-loop step response analysis  196 
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FDSWXUHUDWHKDVDVXGGHQLQFUHDVH  219 
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4.2. Step changes in reboiler steam flowrate 222 
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4.5. Sensitivity analysis 258 
$VHQVLWLYLW\DQDO\VLVLVFDUULHGRXWXVLQJWKHLQSXWYDULDEOHSHUWXUEDWLRQPHWKRG7KLVDQDO\VLVSURYLGHVDTXDQWLWDWLYHHYDOXDWLRQ259 
RIoutputs relating to possible changes in input variablesThe relative input data along with their sensitivity index (relative outputs) 260 
are portrayed in Table 3. Sensitivity analysis can provide information in the process dynamics and are able to calculate process 261 
gains. According to the results, there is an inverse correlation between lean solvent flowrate (u1) and capture rate (y1). A similar 262 
correlation can be found between condenser cooling water flowrate (u3) and condenser temperature (y3) as well as cooler cooling 263 
water flowrate (u4) and lean solvent temperature (y4). u1 has a strong effect to its corresponding output y1, while u2, u3, u4 are much 264 
less influential towards their outputs (y2, y3, y4). This indicates that the controller gain designed for u1-y1 model should be smaller 265 
than those in u2-y2, u3-y3 and u4-y4 models. Furthermore, the sensitivity index changes with the variation of capture rates. Indexes 266 
of models in u1-y1, u2-y2 and u3-y3 loops has a narrow change at different capture rates, while the index in u4-y4 loop varies rapidly. 267 
This supports the nonlinearity analysis obtained in Section 5.1.  268 
 Table 3. Sensitivity analysis of 4 SISO models 269 
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5.2. Nonlinearity analysis of MIMO system 305 
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6. Piece-wise model and model comparison 324 
6.1. Fuzzy-based piece-wise model 325 
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6.2. Model comparison 347 
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PRGHOV ZHUH ILUVWO\ LGHQWLILHG DW HYHU\ FDSWXUH UDWH VFHQDULR Open-loop step response tests were then introduced to show the 393 
dynamic features of PCC plant under changing operating conditions. Lean solvent flowrate was found to be very influential on 394 
capture rate. 7KHQRQOLQHDULW\DQDO\VLVZDVWKHQFDUULHGRXWXVLQJGLIIHUHQWLDOJDSPHWULF,WZDVIRXQGWKDWWKHQRQOLQHDULW\GHJUHHV395 
LQOHDQVROYHQWIORZUDWHFDSWXUHUDWHPRGHOVWHDPIORZUDWH±UHERLOHUWHPSHUDWXUHPRGHODQGFRQGHQVHUFRROLQJZDWHU±FRQGHQVHU396 
WHPSHUDWXUHPRGHO are very small for any two adjacent operating conditions. However, the cooler cooling water flowrate to lean 397 
solvent temperature model produces results which exhibit high divergence. Nonlinearity degrees of MIMO PCC system are proven 398 







Appendix. Supplementary models 406 
  6XSSOHPHQWDU\PRGHOVRIVROYHQWEDVHG3&&SURFHVVIURPFDSWXUHUDWHWRFDSWXUHUDWHLQHDFK6,62ORRSDUHDYDLODEOH 407 
References 408 
[1] &RQLQFN +& /RRV 0$ 0HW] % 'DYLGVRQ 2 0H\HU /$ ,3&& VSHFLDO UHSRUW RQ FDUERQ GLR[LGH FDSWXUH DQG VWRUDJH409 
,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJH  410 

























[14] //MXQJ6\VWHP,GHQWLILFDWLRQ7RROER[)RUXVHZLWK0DWODE 436 
[15] 0DQDI1$&RXVLQV$)HURQ3$EEDV$'\QDPLFPRGHOOLQJLGHQWLILFDWLRQDQGSUHOLPLQDU\FRQWURODQDO\VLVRIDQDPLQH437 
EDVHGSRVWFRPEXVWLRQ&2FDSWXUHSLORWSODQW-RXUQDORI&OHDQHU3URGXFWLRQ 438 




[18] +DPPLQJ51XPHULFDOPHWKRGVIRUVFLHQWLVWVDQGHQJLQHHUV&RXULHU&RUSRUDWLRQ 443 
[19] 6RQWDJ(1RQOLQHDUUHJXODWLRQ7KHSLHFHZLVHOLQHDUDSSURDFK,(((7UDQVDFWLRQVRQDXWRPDWLFFRQWURO444 
 445 
[20] 3URFHVV6\VWHPV(QWHUSULVH8.J&&6RYHUYLHZKWWSZZZSVHQWHUSULVHFRPSURGXFWVJFFVKWPO 446 










[26] <LQ + =KX = 'LQJ ) 0RGHO RUGHU GHWHUPLQDWLRQ XVLQJ WKH +DQNHO PDWUL[ RI LPSXOVH UHVSRQVHV $SSOLHG 0DWKHPDWLFV457 
/HWWHUV  458 






[30] *HRUJLRX77'LIIHUHQWLDOVWDELOLW\DQGUREXVWFRQWURORIQRQOLQHDUV\VWHPV6LJQDOVDQG6\VWHPV 465 
[31] =LPPHUPDQQ+-)X]]\VHWWKHRU\DQGLWVDSSOLFDWLRQV6SULQJHU6FLHQFH	%XVLQHVV0HGLD 466 
[32] 7DNDJL76XJHQR0)X]]\ LGHQWLILFDWLRQRI V\VWHPVDQG LWVDSSOLFDWLRQV WRPRGHOLQJDQGFRQWURO ,(((7UDQVDFWLRQVRQ467 
6\VWHPV0DQDQG&\EHUQHWLFV 468 
 469 
 470 
 471 
